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Abstract

In alcoholic patients, ethanol is often consumed in a repeated cyclic pattern of intoxication followed
by abstinence and the emergence of withdrawal symptoms. Repeated cycles of ethanol intoxication
and withdrawal lead to a sensitization of CNS hyperexcitability as a result of an imbalance between
inhibitory GABAergic transmission and excitatory glutamatergic transmission. Symptoms of alcohol
withdrawal are usually treated pharmacologically with either benzodiazepines or anticonvulsant
medications. However, recent evidence suggests that inhibition of glutamate transmission by
stimulation of presynaptic inhibitory metabotropic glutamate receptors (i.e., mGIuR2/3 receptors) or
inhibition of mMGIuRS5 receptors produces anticonvulsant effects. Therefore, the present study was
designed to determine the effects the mGIluR2/3 agonist LY 379268 and the mGIuR5 antagonist
MPEP on ethanol withdrawal-induced seizure activity. Adult male C3H/He mice received chronic
16 h of ethanol vapor exposure in inhalation chambers followed by 8 hr of withdrawal daily for 4
consecutive days. During the final (fourth) withdrawal cycle, mice were evaluated hourly for
handling-induced convulsions (HIC), and were treated with vehicle, LY379268 (0.3, 1 and 3 mg/kg)
or MPEP (1, 3and 10 mg/kg) treatment at 4 and 8 hr into withdrawal. Significant reductions in overall
HIC activity were not observed following administration of either compound. These results suggest
that inhibition of glutamate transmission by mGIluR2/3 agonists or mGIuR5 antagonists does not
alter HIC activity during withdrawal from repeated ethanol exposure, and as such these compounds
may have limited usefulness in the treatment of CNS hyperexcitability during alcohol withdrawal.
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Introduction

Alcoholics frequently consume alcohol in a binge-like manner, which is typically characterized
by episodes of heavy intoxication followed by periods of abstinence and the emergence of
withdrawal symptoms (Epstein et al., 2004; Miller et al., 2004; Miller et al., 2007). Preclinical
and clinical studies have shown that repeated cycles of ethanol intoxication and withdrawal
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can result in a sensitization or “kindling” of CNS hyperexcitability, in which overactivity of
the nervous system progressively intensifies over repeated withdrawal episodes (Ballenger and
Post, 1978; Becker etal., 1997b; Becker and Hale, 1993). CNS hyperexcitability during alcohol
withdrawal is primarily a result of an imbalance between excitatory and inhibitory
neurotransmission brought on by chronic ethanol exposure. Pharmacological treatment of the
symptoms of ethanol withdrawal typically entails the use of CNS depressants such as
benzodiazepines or anticonvulsant medications (Johnson, 2004; Kiefer and Mann, 2005;
Krystal et al., 2006).

Alcohol inhibits the function of the N-methyl-D-asparate (NMDA) subtype of glutamate
receptors, and following chronic ethanol exposure NMDA receptor expression and function
are increased (Dodd et al., 2000; Gass and Olive, 2007; Hoffman, 2003; Krystal et al., 2003;
Tsai and Coyle, 1998). In addition, ethanol withdrawal is characterized by heightened
extracellular levels of glutamate in rodents and humans (Dahchour and De Witte, 1999,
2003b; Tsai etal., 1998). Thus, dampening either NMDA receptor function or excess glutamate
release might be an appropriate pharmacological approach to reducing the severity of the
alcohol withdrawal syndrome (Becker and Redmond, 2003; Grant et al., 1990; Veatch and
Becker, 2005).

Recent evidence suggests that pharmacological targeting of metabotropic glutamate receptors
(mGluRs), which exert slower modulatory effects on glutamate transmission, might be a novel
avenue of research for treating various aspects of alcoholism (Bachteler and Spanagel, 2005;
Gass and Olive, 2007; Olive, 2005). For example, it has been shown that stimulation of
presynaptic mGluR2/3 receptors suppresses glutamate release (Attwell et al., 1998b; Battaglia
etal., 1997; Xi et al., 2002a), and that blockade of mGIuRS5 receptors, which are structurally
and biochemically linked to NMDA receptors, inhibits NMDA receptor function (Homayoun
and Moghaddam, 2006; Homayoun et al., 2004; Lea et al., 2002). Accordingly, mGIluR2/3
receptor stimulation (Attwell et al., 1998a; Attwell et al., 1998b; Dalby and Thomsen, 1996;
Klodzinska et al., 2000; Klodzinska et al., 1999; Moldrich et al., 2001a; Moldrich et al.,
2001b) and mGIuR5 receptor blockade (Barton et al., 2003; Chapman et al., 2000) have been
shown to produce anticonvulsant effects in experimentally-induced seizures in rodents, and as
such have been proposed to represent a potential new class of therapeutic agents to treat seizure-
related disorders such as epilepsy (Alexander and Godwin, 2006; Moldrich et al., 2003).

Given these reports of anticonvulsant effects of mGIuR2/3 agonists and mGIuR5 antagonists,
the goal of the present study was to test these compounds in an established model of CNS
hyperactivity during withdrawal from repeated episodes of ethanol intoxication (Becker et al.,
1997b; Becker and Hale, 1993). We hypothesized that the selective mGluR2/3 agonist (1R,
4R,5S,6R)-4-Amino-2-oxabicyclo[3.1.0]hexane-4,6-dicarboxylic acid (LY 379268; (Monn et
al., 1999) and the selective mGIuR5 antagonist 2-methyl-6-(phenylethynyl)-pyridine
hydrochloride (MPEP; (Gasparini et al., 1999) would reduce seizure-like activity (i.e.,
handling-induced convulsions, HIC) during ethanol withdrawal.

Materials and Methods

Subjects

Adult male C3H/He mice (21-35 g at the start of the experiment, Charles River Laboratories,
Portage, MI) were used as subjects. Mice were housed 3-4 per cage in an AAALAC-accredited
facility under a 12-hr light/dark cycle (lights on at 0600) with ad libitum access to food and
water. The colony room was maintained with temperature and humidity conditions within the
guidelines of the National Institutes of Health. All procedures were approved by an Institutional
Animal Care and Use Committee.
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General Study Design

The experiments were designed to assess the effect of the mGIluR2/3 agonist LY 379268 and
the mGIuR5 antagonist MPEP on the withdrawal response following four cycles of chronic
ethanol exposure and withdrawal, according to our previously published methods (Becker et
al., 1997b; Becker and Hale, 1993; Becker and Veatch, 2002; Veatch and Becker, 2005).
Briefly, mice were randomly selected to receive either 4 cycles of 16 hr continous ethanol
vapor exposure in inhalation chambers separated by 8-hr periods of withdrawal, or assigned
to a control group that was exposed only to air in control chambers. Both ethanol- and air-
exposed animals received similar handling by the experimenter. In addition, within each
treatment group (ethanol or air exposure), mice were randomly assigned to receive LY 379268
(0, 0.3, 1.0 and 3.0 mg/kg) or MPEP (0, 1, 3 or 10 mg/kg) treatment during the final (fourth)
withdrawal episode. Drug injections were administered 5 min prior to assessment of seizure
activity at 4 and 8 hr into the final withdrawal period (see below).

Chronic Ethanol Exposure

Ethanol was chronically administered by the inhalation route, as previously described (Becker
and Hale, 1993; Becker et al., 2006). Briefly, mice in their home cages were placed in Plexiglas
chambers (60 x 36 x 60 cm). Fresh air was continuously delivered to the chamber at a rate of
10 I/min to provide for the respiratory needs of the animals. Ethanol was vaporized by pumping
air (0.9-1.0 I/min) through an air stone submerged in 95% ethanol held in a 1-I flask. Addition
of the vaporized ethanol to the fresh air maintained the ethanol concentration in the chamber
in the range of 10-13 mg/I air. Control chambers were similarly configured, but with the
absence of ethanol vapor. Prior to each entry into the ethanol vapor inhalation chamber, ethanol
intoxication was initiated by administration of a loading dose of ethanol (1.6 g/kg; 8% wi/v),
and blood ethanol concentration (BEC) was stabilized by administration of the alcohol
dehydrogenase inhibitor pyrazole (1 mmol/kg). Control (air-exposed) mice received saline
injections along with pyrazole prior to all four cycles.

Ethanol Samples and Measurement

Chamber ethanol vapor concentrations were monitored daily. Air samples (2 ml) from the
ethanol vapor inhalation chambers were collected with a 5-ml syringe through a port in the
chamber wall. Samples were then transferred to Venoject™ tubes for later analysis using a
modified spectrophotometric assay procedure (Becker and Hale, 1993). Blood samples were
obtained from the retro-orbital sinus of mice using heparinized capillary tubes upon removal
of the animals from the ethanol inhalation chambers at a time corresponding to the beginning
of fourth withdrawal cycle. Whole blood samples (40 ul) were transferred to microcentrifuge
tubes and centrifuged at 10,000 x g for 10 min for phase separation. Five microliter aliquots
of plasma were injected into an Analox Instruments alcohol analyzer (Lunenburg, MA) for
determination of ethanol concentration by an alcohol oxidase enzymatic procedure. Blood
ethanol concentrations (BECs) are expressed as mg/dl blood and chamber ethanol
concentrations are expressed as mg/I air.

Drug Preparation and Administration

LY379268 ((R,4R,5S,6R)-4-Amino-2-oxabicyclo[3.1.0]hexane-4,6-dicarboxylic acid) was
obtained as a generous gift from Eli Lilly Company (Indianapolis, IN) and dissolved in a vehicle
of distilled water. Pyrazole and 2-methyl-6-(phenylethynyl)-pyridine hydrochloride (MPEP)
were obtained from Sigma-Aldrich (St. Louis, MO) and were dissolved in a vehicle consisting
of 0.9% wi/v sodium chloride. All drugs were vortexed immediately prior to use and
administered by intraperitoneal injection in a volume of 10 ml/kg body weight. Ethanol (95%)
for vapor inhalation was obtained from AAPER Alcohol and Chemical Co. (Shelbyville, KY).
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Assessment of Handling-Induced Convulsions

Behavioral signs of ethanol withdrawal-induced seizure activity were assessed by scoring
handling-induced convulsions (HIC) on a 7-point scale, as previously described (Becker et al.,
1997a; Becker et al., 1997b). The HIC response has proven to be a sensitive index of CNS
hyperexcitability associated with withdrawal from ethanol and, in particular, is sensitive to the
effects of repeated withdrawal experience (Becker, 1994; Becker and Hale, 1993; Veatch and
Becker, 2002). HIC was assessed hourly for 10 hr following final removal of the animals from
the inhalation chambers. HIC testing was conducted by a single experimenter who was unaware
of the subjects' experimental history. Data are presented as hourly HIC scores and, as a measure
of the overall withdrawal response, area under the 10-hr HIC withdrawal curve (AUC). AUC
was calculated for each subject using the trapezoidal formula for integrating area under the
HIC function, as previously described (Becker and Veatch, 2002). Briefly, AUC was calculated
using the following formula: al/2 + a2 + a3 + ... a9 + al10/2, with a values representing each
hour of HIC assessment.

Statistical Analyses

Results

Blood ethanol concentration for each ethanol exposure and drug treatment group was analyzed
by one-way analysis of variance (ANOVA). HIC score data at the 4 and 8 hr time points
(immediately following drug treatment) was analyzed by non-parametric Kruskal-Wallis one-
way ANOVA, with drug dose serving as the between-subjects factor. Area under the 10 hr
withdrawal HIC curves (AUC) were calculated for each subject and tested for significance by
one-way ANOVA followed by Holm-Sidak multiple comparisons procedures where
appropriate. Separate analyses were performed to evaluate effects of LY 379268 and MPEP.
Statistical analyses were conducted using SigmaStat 3.0 (Systat, San Jose, CA), and statistical
significance was set at p<0.05.

Blood Ethanol Concentrations

The blood ethanol concentrations (BEC) from each treatment group, measured from samples
taken immediately upon removal from the inhalation chamber prior to the fourth ethanol
withdrawal episode, are shown in Table 1. Statistical analysis revealed no significant
differences in BECs across any of the treatment groups (F(7,80)=1.01, p>0.05).

Effects of LY379268 on Handling-Induced Convulsions during Ethanol Withdrawal

The effects of the mGIluR2/3 agonist LY 379268 on HIC when administered at 4 and 8 hr during
ethanol withdrawal are shown in Figure 1. As can be seen, HIC activity progressively increased
over time in all ethanol-exposed groups of mice (Figure 1A), consistent with previous findings
(Beckeretal., 1997a;Becker and Hale, 1993). In contrast, as shown in Figure 1B, HIC in control
(air-exposed) groups remained relatively stable across the entire assessment period. HIC values
for the individual time points when ethanol- and air-exposed animals were treated with
LY379268 (i.e., 4 and 8 hr into the withdrawal period) are shown in Figure 1C. There was no
significant main effect of LY379268 dose in ethanol-exposed animals at hour 4 (H(3)=2.63,
p>0.05) or hour 8 (H(3)=4.73, p>0.05). In addition, there was no significant main effect of
LY379268 on 10 hr AUC values (F(3,27)=2.81, p=0.059). AUC values for the 10 hr withdrawal
period of ethanol-exposed animals treated with vehicle or LY 379268 were significantly higher
than those of similarly treated air-exposed animals (F(1,45)=52.29, p<0.001), indicating a
significant effect of ethanol treatment on withdrawal seizures. There was no significant effect
of LY 379268 dose in air-exposed animals at hour 4 (H(3)=1.28, p=0.73) or hour 8 (H(3)=2.95,
p=0.40).
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Effects of MPEP on handling-induced convulsions during ethanol withdrawal

The effects of the mGIuR5 antagonist MPEP on HIC during ethanol withdrawal are shown in
Figure 2. As can be seen, HIC activity progressively increased over time in all ethanol-exposed
groups of mice (Figure 2A), consistent with previous findings (Becker et al., 1997a;Becker
and Hale, 1993). In contrast, as shown in Figure 2B, HIC in control (air-exposed) groups
remained relatively stable across the entire assessment period. HIC values for the individual
time points when ethanol- and air-exposed animals were treated with MPEP (i.e., 4 and 8 hr
into the withdrawal period) are shown in Figure 2C. There was no significant main effect of
MPEP dose in ethanol-exposed animals at hour 4 (H(3)=0.66, p=0.88) or hour 8 (H(3)=7.63,
p=0.054). In addition, there was no significant main effect of MPEP on 10 hr AUC values (F
(3,55)=0.39, p=0.76). AUC values of ethanol-exposed animals treated with MPEP were
significantly higher than those of similarly treated air-exposed animals (F(1,81)=85.91,
p<0.001), indicating a significant effect of ethanol treatment on withdrawal seizures. There
was no significant effect of MPEP dose in air-exposed animals at hour 4 (H(3)=3.55, p=0.315)
or hour 8 (H(3)=0.21, p=0.98)

Discussion

Our findings demonstrate that the mGIluR2/3 agonist LY 379268 and the mGIuR5 antagonist
MPEP have minimal effects of ethanol withdrawal-induced seizures following repeated cycles
of ethanol intoxication and withdrawal. These findings were contrary to our expectations, since
these or similar ligands have been demonstrated to have anticonvulsant properties in other
rodent models of seizure-like activity (Attwell et al., 1998a; Attwell et al., 1998b; Barton et
al., 2003; Chapman et al., 2000; Dalby and Thomsen, 1996; Klodzinska et al., 2000; Klodzinska
etal., 1999; Moldrich et al., 2001a; Moldrich et al., 2001b). BEC values obtained in the present
experiments did not differ across treatment groups and were well within the range that we have
found previously to produce dependence and withdrawal-related seizure activity (Becker et
al., 1997a; Becker and Veatch, 2002; Veatch and Becker, 2002, 2005). However, a non-
significant trend towards an increase in BEC levels was noted in animals treated with the high
dose of LY379268, which may have made it more difficult to observe a reduction in
withdrawal-related seizure activity with this compound. Nonethess, our data indicate limited
potential clinical utility of such compounds as treatments for seizures occurring during alcohol
withdrawal in human alcohol patients.

We did note a trend towards a significant effect of the low (0.3 mg/kg) dose of LY379268 on
overall 10 hr AUC, as well as reductions in HIC values by 3 and 10 mg/kg of MPEP following
the second administration 8 hr into the withdrawal period. However, because these observations
did not meet the criteria for statistical significance (p<0.05), post-hoc tests were not conducted.
The reasons for lack of effects of LY379268 and MPEP on ethanol withdrawal-induced
seizures, particularly in light of the aforementioned studies showing positive effects on seizure
activity, are not clear at the present time. One possible explanation is that the demonstration
of preclinical efficacy of any potential anticonvulsant appears to be highly dependent on the
seizure model used. For example, Klodzinska and colleagues showed that the mGIluR2/3
agonist LY 354740 dose-dependently inhibited seizures produced by the convulsant agents
pentylenetetrazole and picrotoxin (Klodzinska et al., 2000; Klodzinska et al., 1999), but were
ineffective against seizure induced by NMDA (Klodzinska et al., 2000). Other investigators
have found that mGIluR2/3 agonists such as (2S,3S,4S)-alpha-(carboxycyclopropyl)glycine,
(1S,3R)-1-aminocyclopentane dicarboxylic acid or (2R,4R)-4-aminopyrrolidine-2,4-
dicarboxylate were protective against sound-induced seizures but ineffective in protecting
against seizures induced by various chemical agents or electrical brain stimulation (Dalby and
Thomsen, 1996; Moldrich et al., 2001b). With regards to the ligands used in the present study,
it has previously been demonstrated that LY 379268 inhibits sound-, electrical- and chemically-
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induced seizures in mice but did not inhibit sound-induced seizures in genetically epilepsy
prone rats (Barton et al., 2003; Moldrich et al., 2001a). In addition, MPEP has been reported
to reduce seizures produced by sound and 6 Hz electrical brain stimulation in mice (Barton et
al., 2003; Chapman et al., 2000), but a more recent study showed that the more selective
mGIuR5 antagonist [2-methyl-1,3-thiazol-4-yl)ethynyl]pyridine (MTEP) was ineffective
against seizures induced by amygdala kindling in rats (Loscher et al., 2006). Thus, it appears
that LY 379268 and MPEP exert anticonvulsant effects in some, but not all behavioral
paradigms. The present findings suggest that these compounds are ineffective in reducing
seizures induced by repeated cycles of chronic ethanol exposure and withdrawal in mice.

Another possible reason for the lack of apparent anticonvulsant efficacy of LY 379268 and
MPEP in our model is that repeated cycles of ethanol exposure and withdrawal might produce
neuroadaptive changes in mGIuR2/3 or mGIuR5 receptor function that render these receptors
ineffective in protecting against withdrawal-induced seizures. For example, ethanol
consumption and exposure causes a number of adaptive changes in glutamatergic transmission
in the brain, including an up-regulation of NMDA receptor expression or functionality (Dodd
et al., 2000; Gass and Olive, 2007; Hoffman, 2003; Krystal et al., 2003; Tsai and Coyle,
1998), changes in glutamate release (Dahchour and De Witte, 1999, 2003a, b; Tsai et al.,
1998) and alterations in glutamate uptake (Melendez et al., 2005). We know of no reports
published to date on alterations in mGIuR2/3 or mGIuRS5 receptor expression or function
produced by repeated ethanol exposure and withdrawal, although such alterations have been
shown to occur following chronic cocaine administration (Ghasemzadeh et al., 1999; Xi et al.,
2002b). Therefore, it is possible that ethanol- and/or withdrawal-induced changes in mGIluR2/3
or mGIuR5 expression or function may reduce the ability of mGIluR2/3 agonists or mGIuR5
antagonists to exert anticonvulsant effects. Further studies are needed to explore this
possibility.

Despite our largely negative findings, we are confident that the doses of LY 379268 and MPEP
used in this study were sufficient to significantly stimulate central mGIuR2/3 receptor function
and inhibit mGIuRS5 receptor function, respectively. For example, it has been shown that
systemic administration of 10 mg/kg s.c. of LY 379268 reaches extracellular concentrations of
600-800 nM in the brain (Schoepp et al., 2001), which are well above the reported ECsq values
of 3-6 nM for the ability of this compound to stimulate mGIluR2/3 receptors (Monn et al.,
1999; Imre, 2007). However, because high doses of this compound can produce motor
impairments, the dose range for LY379268 compound was selected as 0.3, 1 and 3 mg/kg,
which is commonly used in behavioral studies with this compound (Imre, 2007). Likewise, a
10 mg/kg i.p. dose of MPEP produces rapid and full occupancy of brain mGIuRS5 receptors in
mice (Anderson et al., 2003), and therefore this was chosen as the maximum dose, since higher
doses have the potential to produce off-target effects (Lea and Faden, 2006). Therefore, the
full dose range was 1, 3 and 10 mg/kg, which is commonly used in behavioral studies with
MPEP (Lea and Faden, 2006).

One potential limitation of this present study is that HIC scores were assessed on an hourly
basis, and several studies have shown that the central effects of LY379268 and MPEP may
dissipate by as much as 50% within this time frame following systemic administration
(Anderson et al., 2003; Schoepp et al., 2001). It is therefore possible that more significant
effects of these two ligands might have been observed if HIC scores were assessed at more
frequent intervals. Further studies are needed to examine this possibility.

In summary, our data suggest there is likely little potential therapeutic efficacy in the use of
mGIuR2/3 agonists or mGIuR5 antagonists in the treatment ethanol withdrawal-related
seizures. However, given that such ligands exert other potentially beneficial CNS effects such
as anxiolysis and alleviation of depressive symptoms (Marino and Conn, 2006; Palucha and
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Pilc, 2007; Spooren and Gasparini, 2004; Swanson et al., 2005), they may be of use in the
treatment of other symptoms of the ethanol withdrawal syndrome, such as elevated anxiety
and depression.
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Effect of the selective mGIluR2/3 agonist LY379268 on handling-induced convulsions (HIC)
during ethanol withdrawal. Mice were subjected to four consecutive cycles of 16 hr of ethanol
vapor inhalation, each followed by 8 hr of withdrawal. HIC assessment was performed hourly

for 10 hr during the final (fourth) withdrawal period. Vehicle or drug treatments were

administered at hours 4 and 8 in both ethanol-exposed mice (A) and air-exposed mice (B). HIC
values at the time points following administration of LY379268 are shown in (C). Data are
presented as mean £ SEM. Samples sizes are n=7-8 per treatment group in ethanol-exposed
animals and n=4 per treatment group in air-exposed animals. Absence of error bars in panel C
indicates the SEM values were equal to zero.
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Effect of the selective mGIuR5 antagonist MPEP on HIC during ethanol withdrawal. See

legend for Figure 1 for experimental conditions. VVehicle or drug treatments were administered
at hours 4 and 8 in both ethanol-exposed mice (A) and air-exposed mice (B). HIC values at the
time points following administration of MPEP are shown in (C). Data are presented as mean
+ SEM. Samples sizes are n=14-15 per treatment group in ethanol-exposed animals and n=4-8
per treatment group in air-exposed animals.
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Table 1

Blood ethanol concentrations (BEC) of different treatment groups prior to assessment of handling-induced
convulsions.

Treatment group Sample size (n) BEC (mg/dl) 10-hr AUC

Value

Vehicle (dH,0) 7 195.89 + 5.55 26.29 + 0.62

LY379268 0.3 mg/kg 8 208.28 +12.76 21.38+1.19

LY379268 1 mg/kg 8 217.63 + 8,57 25.25+ 1.63

LY379268 3 mg/kg 8 218.75 +2.25 25.13+1.36

Vehicle (saline) 15 189.64 + 12.76 20.60 + 1.47

MPEP 1 mg/kg 15 173.06 + 14.43 2027 +1.23

MPEP 3 mg/kg 15 193.32 +18.17 18.77 £ 1.07

MPEP 10 mg/kg 14 191,59 + 15,72 19.93+1.32

Alcohol. Author manuscript; available in PMC 2009 May 1.



